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, 0 '0  Memo M-AERO-A~12-62
FROM  Aerodynamic Design Seetion, M-AERO-AA £ &

SUBJECT Response of Spherical Balloon To Wind Gusts

1l. The feasibility of measuring large wind gradients, or shears, by tracking
a spherical balloon with radar is being studied by M-AERO-G, Aerophysics and ’
‘\ Astrophysics ‘Branch.%.To support this study, ‘this memo gives the computer
. simulated response of a particular balloon to different wind gusts at three
different altitudes. These data are then cmnred to theoretical data obtained
by the ns&hod. of reference 1. :

Toﬁnahowcloulyarilinsbtuocnmrom'c sviftly changing

} . horizontal wind (large wind gradient) thé forces om the ballm mist be feound.
: Three forces act om the balloen: - ) ,

i ' . , .

" . 1. buoyaney, Fp }Z/(ﬂ
o ” 2. gravity, Fy

3. aerodynamic drag, Fp

| 2. The buoyancy force is equal to the weight of the air displaced by the
* balloon. '

Comnng o
pa (VOL)g (1) Biiaad u’;n

vhere . - o ’ STV I "2 .

s

pa ™ density of air
VOL = volume of balloon
g= mﬁty constant

5. The gravity force is the weight of the balloon plus the nidnt ef the gas"
ingide the balloon. Helium was the gas used for this study. The balloom comsidered
here is equipped with a pressure valve to keep the pressure differential across the
balloon comstant; thenetore, the weight of the gu ide the balloon decreases

s

as the balloon ri,lel» e | (py : |

L -(WB +va) _( OTS PRICE ]

P ' ‘vhere o .{= YEROX . Ll p i
= weight of balloon MICROFILM §

im; = weight of gas

“MBFC - Farm 488 (Avgust 1960) .
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The weight of the gas is found by using the equation of state and
assuming the temperature of the gas is equal to the temperature of the
atmogphere at any given altitude. »

(Pa + AP)VOL
W TG T (3.

vhere

Py = atmospheric pressure
Pg = gas pressure

NP = PG"P‘

Rg = gas constant

To ™ stmeospheric temperature

. The serodymamic drag force is givem by the fom formula:
Fp = 1/2 0" Arer Cp () |

Apef = maximm crou-aectiomi area of bo.uoon
Cp = drag coefficient of balloon
v = yelocity of relative wind

The relative wind is the resultant wind experienced by the balleon.

Tis is shown im the disgram below. It is assumed throughout this study.
that the vertical compoments of winds are zero.

v i

%x:
’Pi >
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From this diagram, V 1is given ag follows:

V= fwx)® + 2 (5)

W = horizontal velocity of wind
= horizontal velocity of balloom
z = vertical velocity of balloom -

ohfe

The drag may be broken down into horizontal and vertical components.
Fp, ™ 1/2 pg Areg Cp V(v-%) (6a) |

Fp, = -1/2 pg Aper Cp vz (6v)

The drag coefficient, Cp, is spproximately a function-of Reynolds
number, Re; however, in the transition Re range the Cp is also highly a
function of surface roughness and freestream turbulence. Due to the decrease
in Re with incressing altitude, the balloon under study passes through the
critical, or transition, Re range. Samevhere in this range the Cp suddemly
increases with decreasing Re; after this sudden increase, the Cp remains
fairly constant with decreasing Re until a Re of about 10,000 is reached,
vhich is below the Re of interest in this study. ’

5. Figure:l gives several experimental Cp versus Re curves. All these
curves were obtained with low freestream turbulence except the variable
density tunnel data vwhich was very turbulemt. It is seen that the effect of
turbulence is to decrease the Re at vhich the sudden change in Cp occurs.
Since the balloon under study passes through free air, the freestream
turbulence is extremely small; therefore, the Cp transition is likely to take
place at the higher values of Re gshown in figure 1. The only curve in this
group vhich is inconsistent with the others is the one obtained by drop
testing in air. Notice that this curve has no sudden transition in Cp but
increases gradually with decreasing Re. No other drop test data could bve
found, so this curve must remain in doubt. It would be informstive to find
a new drag curve using equation (#) and test data obtained from these
balloon flights. :

6. Since there is considerable differences in the Cp curves of figure 1,
arbitrary constant values of drag vere selected for this study. For Re
larger than 500,000 Cp is assumed to be 0.09, a comservative value from the
standpoint of response to wind. For Re less than 200,000 Cp was assumed to
be 0.49. Between these two Re, Cp is very uncertain.

7. It was found in reference 2 by drop tests that any. jrotuberance

from the surface of the sphere caused very erratic Cp variations; however,
the Cp of the sphere with protuberance was consistently higher than that of

; .
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s smooth sphere. Therefore, it would be advisable to put the pressure
valve entirely inside the balloon and to make the juncture of the balloon
and valve as smooth as possible. '

8. Now, to find the vertical velocity of the balloon assuming no wind
gusts, the resultant force in the z direction is zero.

FB+Fw+FDz-0 "

This equation yields the quasi-steady state (no vertical winds, no
transient horizontal wind gusts) vertical velocity.

. [ B ]

Ca AA’!A’ FO (7)

The vertical velocity as a function of altitude is found from
equation (B) and plotted o%n figure 2. For a ¢ ant Cp of 0.09 the Bc
decreases from 17.86 x 107 at sea level t#.5x 107 at about 11.8 im.
increa oges suddenly (see figure 1) somewhere between & Re of 5 x 10° a.nd
2x1 Thus, from figure 2, the Cp increese occurs between about 11.8
and 15.4 km altitude, making the value of Cp highly uncertain in this
altitude region. Above 11.8 km, the Cp is assumed to remain constant at
0.49. The maximum altitude of this balloon, from ;t‘igure 2, is sbout 17. 8 xm.

9. To find the response of a balloon to a sharp gust, the tr(nsim
forces on the balloon must be considered.

= Fp, = 1/2 pa Areg Cp V(v-x) (8a)

pa(VOL)g (%zé)_vg v -1/2 pg Apeg Cp Vi  (8b)

Using these forces, the resulting accelerations are given.

zﬂ%-ﬁn’) (90)

9 AneCo o
& Ww;][zrm*w.) VE-T g

These formulas may be used over small time intexwesis to describe
the motion of the balloon. This is conveniently done on: & digital domputer
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using some integration technique. The procedure used was to select a giwven
wind profile and then compute the response of the balloon to this wind.

10. The characteristics of the balloon under consideration are given
below: ‘

material - aluminized mylar fabric (non-emnsible)
dismeter - 6 ft., 1.829 m

welght, Wp = 330 grams

gas - helium

&P = 8 millivars, 0.116 psi, 81.60 xg/m

11. Three different gust profiles were selected corresponding to fairly
large wind gradients. Walter Witty of Dynamics Analysis Branch, M<AERO-D,
programmetl the equations using the Runge-Kutta integration technique. The
atmospheric properties Py, pp, Ta Vere assumed to remain constant throughout
the gust. The initial vertical velocity, 2, was ‘obtained from figure 2.

The initial horizontal velocity does not affect the problem if w - X = 0.
Therefore, only the changes in X, Ak, and in w, Aw, from the starting point
of the gust (t = 0) are used in the computation.

12. The gust profiles computed and their corresponding Cp's and alti-
tudes are given in the figures listed below.

Figure Altitude Cp Wind Gradient
meters feet m/sec £

3 k,572 15,000 0.09 b, (7/50)
b k,572 15,000 0.09 .28, (14/50)
5 10,668 35,000 0.09 1k, (7/50)
6 10,668 35, 000 0.09 .28, (14/50
7 10,668 35, 000 0.49 .28, (14/50

8 10,668 35,000 0.k9 .28 1/29

9 10,668 35,000 0.h49 92, T 71;63
10 16, 764 55,000 0.49 .28, (14/50

A few general remarks can be made about figures 3 through 10. The
balloon horizontal velocity (Ak) curve is remarkably similar to the wind
profile in all cases, although the Ax curve is shifted upward slightly. The
upvard shift is not important.  The vertical veloecity does not change
significantly over the small altitude changes involved here. The time
increments used in the integration was 0.1 second for figures 8 and 9 and
0.5 second for the other figures. Thus figures 8 and 9 are more accurate
than the other figures. .

13. Comparing figures 3 through 10, it is seen that for a given Cp and
altitude the balloon response to & wvind gust improves as the wind gradient
is decreesed. Also, for a given altitude and wind gradient, the balloon
response improves greatly as Cp increases. Thus, the response bacomeﬂ 'bwter

p
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after the increase in Cp. A lesser effect 1s the gradual decrease in
response as altitude increases, for a given Cp and wind gradient.

14. A comparison will now be given between the computer simulated
data and an analytical treatment (ref. 1) which makes two simplifying
assumptions to obtain an equation for w-x. Since the development of the
equation is very brief, it will be repeated here.

15. Combining equations (9a) and (9b) the following equation is
obtained.

’ { L4 rl i
weic o = (Wb 1WA X 2 (20)
(Wo +ua)(&+9) - b W 7* |

Now, assuming z 1s constant over the relatively short distance a gust acts 1
i

(this was found to be a good assumption in f£igs. 3 through 10) the following
eqv,xation is obtained.

. (WetWa) X Z
Ww=-x = (%*%)j-ﬂmj‘

|
(11) |

Now, assume (w-x) is constant for a given wind gshear, S. It is
seen from figs. 3 through 10 that this assumption is valid ‘over most of the
wind profile. '

Wex = K (122)
av o dx . > 12b
-afb- 3t X ( )

Now, S is defined as the change in horizontal wind with height.

o e

dw dwdt x
S=LZ"RTWdz "% (13)

. ""’ Substitution of equation (13) into (11) and replacing w by &w and
X by Ax yields the following equation, which is the desired equation.

As (twe+wa)S %
e P L E

(1)

16.. The vertical velocity, i, may be found from figure 2 for any
altitude to substitute into equation (14). Figure 11 shows equation (1h4)
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plotted for 15,000 feet altitude and Cp of 0.09, amd for 35,000 feet
altitude and Cp of 0.09 and 0.49. The symbols indicate points obtained
from figures 3 through 10 for the portion of the curves vhere (Aw-Ax)
wag approximately constant. Figure 11 shows that equation (1h) is valid
in the region where the assumption, w-x = X, is valid. :

17. The quantity (Aw-Ax) is of little practical importance, however.
If the balloon velocity profile were exactly similar and equal in magnitude
to = but shifted upward in altitude relative to - the wind profile, the
radar would record the exact wind profile, although w-x at any given time
would be non-zero.

A more important criterion is the difference between peaks,
(&vpeax = Aa's,e‘k) for a given wind gust. Figure 12 gives a comparison
between (4w « AXpegk) from figures 3 through 10 and (4w - Ax) from
equation (lxsak It 18 seen that equation (1k) gives a conservative estimate
of the quantity (Avpeak = AXpeak)e _

18. The conclusion reached from this study is that the balloon investi-
gated in this memo responds sufficiently well to sharp wind gusts to make
measurements of the gusts by radar feasible. If it is desired to correct
the peaks of the measured wind speed, equation (14) will give a comn-

servative correction.

Kenneth D. Johnston
APPROVED: /%( %

Werner K. Dabm
Chief, Aerodynamics Analysis Branch

%’44/4/
E. D. Geissler
Director, Aeroballistics Division
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